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AN INTEGRAL PART OF THE TPS 


°¢ Referred to as “dynamic thermal seals” or “dynamic seals” 
¢ High-temp. ceramic-based materials 
¢ Installed in TPS interface gaps between moving structures 
e Roles 
> Thermal —limit inboard temperatures 
> Structural/physical — survive temps. and wear, not impede 
actuation/operation of control surface, accommodate 
deflections 


Body Flap X38 CRV Compliant Thermal Barriers 
(CTB’s) 
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DYNAMIC THERMAL SEALS 


¢ Compliant Thermal Barriers (CTB) 
> Nextel™ sheath 
>  Saffil® core, spring tube 
> Higher temps, lower stiffness, higher 
leakage 


¢ Rope Thermal Barriers (RTB) 
> Nextel™ sheath 
>  Fiber/fabric/rope core 


Compliant Thermal Barrier Rope Thermal Barrier > Higher temps, higher stiffness, lower 
leakage 
¢ Hybrid Sheath Thermal Barriers (HSTB) 
>  Metalllic wire braid/Nextel™ sheath 


>  Saffil®, fiber/fabric/rope core 
> Better wear resistance, lower temps 


¢ Wafer Seals 
> Monolithic materials (metals, 
ceramics, etc.) 
Hybrid Sheath Thermal Barrier Wafer Seals > Low leakage (tight tolerences) 


> Require preloader oT) 
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OBJECTIVES 


° Overall Objectives 
> Develop a repeatable screening tool to assess 
tribological performance of dynamic thermal barrier 


materials as 
> Create a database of thermal barrier tribological | ebesign | 

performance (against TPS or propulsion materials) y A ~ 
> Improve tribological performance of dynamic # y 


thermal barriers 


Testing / Integration 
Character-  & 


laid Implemen- 
ization pee 


tation» 


¢ Dynamic thermal barrier triobological performance 
> Baseline performance against several materials 
o Metal 
o Non-ablative TPS 
o Ablative TPS 
> Effects of various parameters 
o Load 
o Temperature 


o Coatings g 
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Modeling - 


HIGH TEMPERATURE TRIBOMETER UPGRADES 
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HIGH TEMPERATURE TRIBOMETER CHECKOUTS 


} Normal toad | Load 
Test ID 


}1s-tug | 3045s SS 304 SS 
304 SS 304 SS ASM Handbook* 
20-Aug 304 SS 304 SS ASM Handbook’ 


27-Aug |4130Steel | 4130 Steel 0.40-0.60 ASM Handbook’, 
www.eng gineersedg ge.com 

28-Aug |4130Steel| 4130 Steel 0.40-0.60 ASM Handbook’, 
www.eng gineersedg ge.com 


2 
4130 Steel | 4130 Steel ASM Handbook’, 
www.engineersedge.com 


Teflon | 4130 Steel ; , 0.16 ASM Handbook? 


Teflon | 4130Steel ; j L ASM Handbook? 


Teflon Teflon F E 0.04-0.07 ASM Handbook 


Teflon Teflon : ! 0.04-0.07 ASM Handbook 


28-Aug | 4130 Steel | Nextel 312 0.50-0.60 NASA TM 105199 
28-Aug | 4130 Steel | Nextel 312 0.50-0.60 NASA TM 105199 
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HIGH TEMPERATURE WEAR-RESISTANT COATING 


CANDIDATES 


Max Tested Temp Predicted Max Thermal 


Coatin Room Temp CoF High Temp CoF Trade Study Weight 
ae : eee (°C/°F) Stability (°C/°F) iets 
NbN/Ag 0.35 0.27 1000/1832 1123/2053 
sai ics 0.60 0.06 750/1382 1172/2142 
(AgTaO3) : , 
73 TiO,— 27 Cr,03 0.80 0.35 800/1472 1780/3236 
100 Cr,0; 0.25 0.55 800/1472 1650/3002 
Au/Cr 0.54 0.34 1000/1832 1000/1832 
MAX phase Ti2AIC 0.70 0.36 550/1022 1400/2552 
MAX phase Ti3SiC, 0.60 0.62 550/1022 1400/2552 
xo 0.5 0.5 1100 1200 
Ww 5 9 7 10 


° Challenges with coatings — chemical compatibility/reactions, coating thickness, adherence 
e Investigated a nanocomposite MAX phase type coating (SwRI Surface Engineering) 
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TEST APPROACH 


¢ Test Samples 
> Seal material: Nextel 312 (AF-20) and Nextel 440 (BF-20) 
— 5 harness satin weave 
— Warp: 30 threads per in.; Fill: 26 threads per inch 
> Fabric Coatings: None, TaSiN, TaSiCN (nano-composite coatings) 
> Wear surface: 4130 steel, AETB-8 tile, IN-625 
e Test Parameters 
> Load: 2, 8 psi (14, 55 kPa) 
> Temperature: Ambient, 1500°F (Ambient, 815°C) 
> Atleast 3 tests were conducted for each tribopair at a given test condition 
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WEAR RESULTS: PREVIOUS TESTING 


Dellacorte, C., et al. — Studies from 1988-1995 


Room Temp 
10000 
8000 Approach 
* 6000 N440 ¢ Conducted numerous studies 
¢ Pin-on-disk geometry (non-reciprocating) 
saciid Ch N312 | ¢ “Pin” materials: Nextel 312, Nextel 440, Nextel 
a 550, Nextel 610 
0 | ¢ Disk materials: IN 718, IN X-750, Ti,AINb 
ai a - “ =e ¢ Temperatures: Ambient - 1832°F (Ambient — 
° 1000°C) 
5000 e Loads: 23 - 382 psi (160 - 2633 kPa) 
1652°F (900°C) ¢ Coatings: Ag, CaF2, BN, Au 
4000 
__ 3000 : '__N440 Results 
5 jane ¢ CTF generally decreased with increasing 
temperature (oxide-based fibers) 
1000 ¢ CoF’s: ~0.6 - 1.0 
‘ = ! N312 
0.4 0.5 0.6 0.7 0.8 0.9 1.0 
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WEAR RESULTS: EFFECT OF PRELOAD AND CYCLE 


NUMBER 


4130 Steel on Nextel 312 - RT IN 625 on Nextel 312 
1.60 


1.40 


1.20 


1.00 


S 0.80 | 
0.60 
0.40 


0.20 


0.00 
C1-10 C200-210 C990-1000 C1-10 C100-110 C200-210 C990-1000 
Cycle Number Cycle Number 


¢ CoF lower at higher preload, though likely not statistically significant 

¢ At RT against 4130 steel, low initial CoF, than it increases 

¢ At RT against IN-625, low initial CoF, than it increases 

¢ At 1500°F, CoF was significantly higher starting off and then decreased to fairly high 


value o 
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WEAR RESULTS: TYPE OF NEXTEL 


Cycles to Failure CoF, C100-110 
1000 1.60 

800 N312/Shuttle Tile N312/Shuttle Tile 
= aa . 
= 600 N440/Shuttle Tile : WN N440/Shuttle Tile 
= 500 - 
s 400 uw 
oO 300 Oo 

200 

100 

70 1500 


Test Temperature, °F 
Test Temperature, °F 


¢ Nextel 440 showed slight improvement over Nextel 312 
> Most evident against Shuttle tile 
> Higher CTF likely due to higher breaking strength of N440 (250 Ib/in. vs. 150 Ibf/in.) 


¢ Shuttle tile exhibited lower CoF than 4130 steel 
° CoF appeared to significantly increase for higher temperatures with these 
tribomaterials 
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WEAR RESULTS: TYPE OF NEXTEL 


Nextel 312 Nextel 440 


r 


RT 
4130 Steel Shuttle Tile 


4130 Steel 


1500°F 


Shuttle Tile 
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WEAR RESULTS: PIN MATERIAL 


Cycles to Failure CoF, C100-110 


@ N312/4130 Steel 
wg N312/IN 625 
gw N312/Shuttle Tile 


w N312/4130 Steel 
w N312/IN 625 
w N312/Shuttle Tile 


Cycles to Failure 
CoF, C100-110 


70 1500 
70 1500 Test Temperature, °F 
Test Temperature, °F 


¢ Shuttle tile showed some difference when compared to metals 
> Slightly lower CTF 
> Most evident against Shuttle tile 
¢ Shuttle tile exhibited lower CoF than 4130 steel 
¢ CoF appeared to increase significantly with higher temperatures with these 


tribomaterials 
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WEAR RESULTS: PIN MATERIAL 


4130 Steel Shuttle Tile 


1500°F 
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WEAR RESULTS: EFFECT OF COATINGS 


Cycles to Failure CoF, C100-110 


Test Temperature, ° 


mw N312/IN 625 1.00 mw N312/IN 625 


N312+NTA3/IN 0.80 N312+NTA3/IN 


& N312+NTA4/IN & N312+NTA4/IN 


& N312+NTAS/IN N312+NTAS/IN 


CoF, C100-110 
° 
a 
° 


& N312+NTAG/IN 5 N312+NTAG6/IN 
625 625 


NS 


SOW Fe 


I 


B6C6$DEWW  F>pF 


SG 


Emm 
XxX WW Gy 


CDW 


NTA3/NTA4 = TaSiCN NTA3/NTA4 = TaSiCN 


s 


1500 


yee 


Ctgs Ctgs 
NTAS/NTA6 = TaSiN NTAS/NTA6 = TaSiN 
tgs 


4 
ot 
sot 
3 

mo] 
a 
ad 
n 


° No significant improvement in CTF with coatings 
¢ Performance comparable (possibly slightly worse) than uncoated Nextel 312 
¢ Possible coating adhesion issues and reactions with Nextel 
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WEAR RESULTS: EFFECT OF COATINGS 


N312 + NTA-3 N312 + NTA-4 
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WEAR RESULTS: EFFECT OF COATINGS 


N312 + NTA-5 N312 + NTA-6 


RT 


1500°F 
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SUMMARY, CONCLUSIONS, & CHALLENGES 


e Rig Upgrade 
> Improved instrumentation, modernized DAQ, augmented stroke length 
> Produced believable, reliable, repeatable results 
> Learned significant lessons to help in design of a newer higher-temperature rig 


¢ Wear Performance of Nextel 
> Nextel durability insufficient for high temperature thermal barrier dynamic operation 
« Significant degradation in wear performance at high temperatures 1500°F 
- Require wear-resistant coatings 
> Initial tests of Nextel against TPS materials demonstrated poor wear resistance, even 
at room temperature 
> Preliminary tests with Ta-based nano-composite coatings showed no improvement 


¢ Challenges 
> Coatings that are adherent, “non- reactive,” protective, low CoF 
> Coatings appear to work “better” when deposited on opposing wear surface 


* Most studies have deposited on metallic or ceramic substrates 
« Minimal evidence for success depositing on thermal barrier fabric materials 
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